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i&Wte^ mityj*- K (LED) , V— 9*-^*- K (LD) ^pinlf» 
[fitf] 

fcjSfcSAll Gay I nz N (0£X. Y. X + Y + Z=l) *-C»E**t* 

a^V^A (GaN) gtftWl^^^f ^ 

¥-oMS^a<7)^~> Ffr^ (band gap) *^1-2>?z&, Wfe 

ilUM^tv^o GaNSK^:*>&A¥l£K#^> v^*~>*.A (M g 

) *?&m (Zn) f<DiIllM^iiDt^M^^i^^^ tv ^ (fllx.(i\ #at 

**e>»rtKiftabT**7K* (h) #\ »$tL^^im«^^m^^««i'. ^ 

PI) o 

[0 0 0 5] 

1 1 #<£H8 5 5 - 3 8 3 4 ^<&m 
m&XU2 \ «fW"B 5 1 - 7 1 5 9 O^&fH 
[#It»3 ] #H3¥ 6 - 2 3 7 0 1 2 
[#fP»4 ] «HHBH53-20882 

[Hi^ift L <£ -9 bir%> mm] 
10 0 0 6] A , m 

&i* l <b jy? 4 v> tt #*»EE#te^a vxnhtiz tumble 
«*.wr, ii (sd (yp» , mmm (sio, Roifty^A (g 

mm * mfc-t a * 

[0 0 0 8] 

(1) pIM^^tLplOisftt^^tgft^^A^iWI (pi 
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( 3 ) ° ° p W©S«l^it^ p M^»^Mi-^7X*^HT-M^)J:b^« l : 

iT*i£tt»tit4, ±e (i) (2) KB*©ftft#y 

(4) vmmnvmmwwm*, vmmomz &m) kmlx, 4o%a±t9 

9 9%&TtLtz, Zt*mmt1rZ > ±.m (1) ttzlt (3) KBtoW^VfA* 



#mfc-ra±iB (4) fciafc^SMb*™ 

fcLfc, ifc4r#mti-*±IB (1) TbM (5) <&tt*L*fcBB|ft<Dfeft2ry * 

J^bs k i *twr, piifiKp * k#5£*«>I£H s-^fciMSifc 

0^»*rtt?*fcpIG aN*#iftitlV»TG aN^lftff*^^^ 
, f If ECltLS G a N^$#L E D^#5>ti^o 

iUoiftf'jfA^i^tt, ps^fs^tt^^i-a^^ 1 ; (GaN) m 

»K W i: li p ao^Ht J: t oii tTKf 1 1 ^, r i ^fC* ^ o 

tt&RVtt&VS i C«T*4. S&lliWfA (GaP) > GaAs. 
yija^ SHbl£#& (ZnO) > G aNW B B B ^V^ifc^t^o pMJf^ -ttLfc 
!±^!E^Lftv>||f**IRJiP*»*i-*»=*bTl±, V-fV yjf7j*X (S e e d 
i n g Process:SP)a (#H 2 0 0 3 - 2 4 3 3 0 2 fcl*tt*L*» 

mU±K^ p SUB 7>»^tf^^~>^^ (MB E ) , 

fl^J^ffi« (MOCVD) > /N^Fv^f KSMBJdoS (HVPE) & *f<0*tfHJS«#S:**O 
flitii^f^o GaN^^«#i*«tStt^M (Mt«) t_LTT>^- 

l-c, h y ^ ^;v#y f'jxfji/^j^A, h y w^^-^t 
p^jBo^lajjfcW^JHi-rspa^ww (k-^>H Mg, (zn) 

N ^.jiJ^A (Be) > (C a) , 7, hn>^A (S r) . (B a 
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) *F5*A (Cd) , £t>*7Ki& (Hg) f©illl%f^tet^ 0 (C) % 

8 cm- 3 a±t% 1 X 1 0 2 0 cm" 3 aT^^iCa^^v^^ULV^ 

pMOft^OpM^M^M^ -JUKI'S: ^>«ft^n£ (SIMS) , 
S>* (Auge r) (AES) ^tf>##r#&K# *) gftl & o 

" pMJg^^M*^^^^)¥ (£J¥) ^ 0. 5^m&T-e;fc*K j£ 

L < f± 0 2 M mflT, L < f± 0 . 1^ mPiK*^ JBIffOTPJUi 1 nmfeffi 

Sti^lfi (SEM) , ISIt?ifti (TEM) MliWWo 

iisoi < o^j? * ^fr-r & p a® k & o t . -e i±« 1*1 rtit * p m<vm 
^ t ^>^ i o 7- i<DmMx-$>z> 0 zofrmiymzttn&w-ete* ps^ 

T**«flE»i±e©^»«»Kfc*ra^5 X 1 0 1 8 cm" 3 IX 1 0 cm 

3 lv^o pM^^t^^^jjcSM^t-e, n%m~^t&&*-fc&fc*7z=w 

tiu S I M S ^O^StWffi L-CJfel-C I S o 

Vf) *H«BS (Vth) ^±lin-t*-i:^#x.e»^^^\ JRfi?^*v>fe*^tctttS 
^:^i^W^v^ «lipIl«^H^ (^*) K**^- 4 0%£Lh-C9 9. 
9%HTOl*OW*io Ztz&K, pll©^Jf^L, 7 0%£l±-C9 9. 9% 

2/3«©tl!: U S I MS K £ >? WJ1"&° 

[0019] sw 

tt&ift £ « t± > a fiasco ^#7E*^7X* *jm £ 

p [ M^»£^fr§<^*P^ Mx.ii\ a* (N 2 ) > r;v=f> (Ar) , ( 

He) ^^TOtt^tTK* (h 2 ) if7.h<Dm&%m%n~?%>%ife-e%2><> ym^mn 
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*p*ftti. net, ft^omtsoomt^o T;v ^^ii/A??S 

A 1 x G a y N (OSX, Y*S 1 , X + Y=l) 
[0 0 2 2 ] 

contact) JB^iiLtTSpJffl-r**^ 2K**»«S**«#*»6*&K:1S!»:}\ 
[0 0 2 4] 

a** «*.w\ MoevDSciotpMim 

[0 0 2 6] ^ ^ _ , . . 

W^t:ftSSLi*Mt5fc»©^»^*> 7>-*-7 (NHs) ^^S? fS 

[0 0 2 7] 
[0 0 2 8] 
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~1r %> o 
[#dfeM 
[0 0 3 0] 

N^^MM* LED «:*fi£-r * I- "C**H 0 I*J# * AW ^^t^ o 

lffiW^lli:ft 0 H2i:li, L E D l 0 <D^m&W*7fi"t 0 

[0 0 3 2 ] . _ *3=?\ l. i 

1 1 ItlOU L/:t77^7^cffi ( (0 0 0 1) *£ h b hM) -tk. 
T>K-7GaN» 102,lf (Si) K-^nIGaNl ( 

«ff=2^m, ^'J7lfi=lX 1 0 1 9 cm" 3 ) 1 0 3, S i F-^nfflAl o . 
o 7 Gao . 9 3 N^?K1 (W=12. 5nm, ^'J7«=1X10» cm 
- 3 ) 10 4, 6«©S i K-^GaN»lI (*J¥= 14. 0 nm, V_TfceK=_l 
X 1 0 1 8 cm -3 ) t 5f«7> F--/I no . 2 0 G a 0 . so N«0#pil (if m- 



3 



2. 5nm) 1 0 5, Mg K-^pIA 1 0 . 0 1 G ao 

3 N^ 7 Ki (S® = lOnm) 106, »g K-/GaNn>^H (»* = 
1 0 0 nm) 10 7*«1U*)SU. ±|B<0«»«it* 1 1 O^S-*J^;« 1 0 2-10 
7tt, -«!»4*ttM0CVD#St*ft**fc. 
[0 0 3 3] 

(1) MgK-^Alo, 0 7 G a 0 . » 8 N^?f Kil0 6 ©&ft**»T Lfcft, 
jSftKJSJPfioE** 2 x 1 0 4 (P a) tLtio _ 

(2) hy^/uffU^AfcTV^-TfclgJR-fcU ^y^n^^v^y^ (b 
i s-C P 2 Mg) fcMgOF-trv^MfcLT, 1 0 5 OWMg F-7°GaNJi<^ 

(3) PJ^f^** l J^^fc7> ; e-7i:Mg«K-li>^i*> ®5»R^4^f B 1 

(4) h V tf-JVOfV V&t b i s - C p 2 MgOjftftRJS$Frt'^<0#i#&*#JtL. M § 
F-"7°G a NJfC0^^#JiiL^o 

[0 0 3 4] 

a>??vmi07t LtzMg F — */G a NflloatffiJftftfcifcTS^fc^ i£*>k, * 

«i 0 1 (DiNm-tztzsbKmmLx^fz^ nmm.mmim^~ ^^it*#jhtfto 
-ftj: «j ##j&jf 1 0 2~ 1 0 7 tfc^f OTrt^ti w 1 iw 

^Tlc^t'JT^^ M*^^$*-cM^^o #«I£^ 

*sp*. **rjs* i v ) 1 1 *** o w u 3 > * * *m 1 o n ■* 

*fft-cjg*ufco Mgim 7x1 o 1 9 cm- 3 ornate mmfhrn^mm- 
g«Mt»Ltv^;o 7mm.w. mmmxm 2 x 1 0 c m t^* < 

4o -CV»J<)00, ^®^<b«H§ 3 0 nm (^E»«5 1 0 7-2) <fc *) WCti6 X 1 0 
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9 cm" 3 0DBfr-5gO*jK"t?#&L-CV>fc o T110 6 t©MI*?>S)?® 

n-Wsmzi 0 nmO|^:SSMg F-^pIGaNi 1 0 7 0^9107-1 Ktt 

mm-mrn (i-v) ft&frhizfr, 2kflii«i^. 

[0 0 3 6 ] . _ _ 

±|BO p SUB £ =* > * * hJi 1 0 7 t LTfcfcfc^lf 1 *^ v ' <• 

LEDlOMUo 5fcf\ nS*-5 ^ttl 0 8^JSt4^**t=-»«l 
ft K9>fx?f>n»U -tOWifclS*), Si K-7°GaNSl 0 3(^M^fffi$ 
-frfco *ms-£fc«®8B3-£ii, (Ti) /t;v5-^a (AO 

Ml 0 lfl|^RJ^'t*««l*«rfe*^N ( p t) I/ D ->'^ ( Rh ) (A 
u) l^l«$^plt"$ 0 9 ZM&Ltio p|3>^ hit 1 0 7^^ 

[0 0 3 7] 

pIXtfnlM-v^tlSl 0 8, 1 0 9 £ML£fL t77^7S«l 0 lO 

& mmm&fcl l *ffc»rU 3 5 0 ^m^IE^f^'M^LED 1 O^fc^L/Co 

' t/v7>fi:, t-5^I«1 0 8, 1 0 9 tfLT, 7'J y "fU<D 

^yy°tL±o icmV-F^V-Ailclil/A & (Au) lt'J-F7V- 

[0 0 3 8] 

7U yy°m.K^^y h L/cLEDOpflJi3 i^nfljO*-^ ? 0 8, 1 0 9 P5 

PI^JilITJftlEE (Vf) (±3. 2VC*ofc 0 ifc, t77OI«10Uf)M^ 
»U*4W«*li4 5 5 nmTfcofco Sfc. 

7^{±1 0mWt$)o/: 0 r^#tt**tLEDIi> Stl 2 > f»R« 1 0 1 <7> 
R&^W^f^$ttfc^«|/F^n n n^^<^l 0 0 0 OflOLEDWT, tffco£fc<fc 



tL*0«r?S5febT> (plus) WJEfcMWfcRIHIWfclni*- *«>^ 

0«*M'>a- h mm) «ti^«l^o 1 0 0«^#OF*3, 1 0 0 0VO^^ 



*ist^**i±. Mgos™ (7x1 o 1 9 cm- 3 ) t:Jttttt«\ *&2*t&tt?* 



[0 0 3 9] 



[0 0 4 0] 
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[0 0 4 2] 

<7)|*L 1 0 0 VW/'^VT.SEEPit'Sil^tLl) L EDli 5 0^l'3tb^o IK, 1 0 0 V 
Ofi*JEO»l*^ini^*lft#*ffiWA*^$* s 5:**^^5 0I©LED^ 10 0 

0 v Kifrtt * n-mM«i*m-t^»^m^s^ km $ ftfc 0 

[0 0 4 3 ] 

HJfefl! 1 \~%?M<V LEDh, *JiR«©L EDi: MGK-7'plGaNi 

it^rt^i-^ pig a nsmmmwbm^ mmni±Kmn& LEDtt*t4P»*t*t 

[0 0 4 4] 
[ 0 0 4 5] 

«j , &m$.m io2~io7 z^mm&z^fzi&&&iB-mftx~m 1 ommmikfa 1 

1 £ 1 0 5 0°C^e^*PL^*/to M3B#?>#B^i, &mmi&foi 1 £5C*B 

&&mt> femitmx 9 5 : 5 1 L/io 1 0 5 owe> 8 0 otcg^^ ^7 o°c?> 

[0 0 4 6] 

8 0 0^^60 Ot^ gf t» L/c Wt^P Uf;o Z<OUBt 

[0 0 4 7] 

^*P^> JjfcSafc'J^ i «9 1 1 *1R *> Hi U 3>^Ml07fct 

£Mg f'-^GaNi»lrtW^i/-)ASlJ f iM ; fiSS:-«iW4S IMS^ 
ffttgfl/:o MgMT-ii, 7X1 0 1 9 cm" 3 0*K*t?, OTh&»fc#3#lRH~*— 
S©IIt~MLti^;o 7X«?-{±. ^SfI5T^5Xl 0 1 8 cm 3 tf»:«^L 
TV>/; 0 3 0 nmX I* 6 X 1 0 1 9 cm- 3 Oifr— 56<0«JK 

t$tLTV>fc, SP*>. T®1 0 6 fcO»#IMa*5>»ffOi(}in^lRlt*7 0 nmOJ?£K 
SSMg F-7pIG aNil 0 7©W^(t M g iiTjc* t (DB^WkStit^^ 1 : 

i / i o*«fc-r*iB:fi«;ffiJ*fc*^^o i - mmmmommtm 1 

[0 0 4 8] 

HJfeM 1 KiB»Lfc<7)i:|W]«lK, 0 2i:^t7'J h L-fc LED©p 1H043 

«£ nHOJO*- 5 y *M 1 0 8, 1 0 9 IWKW^TIfllWaESraEL-CW^W^ttJSttf^JRF 
tefcfNBLfco titttiinm* 2 0 mA fc LfcROJfltfrlRjWffi (V f ) »± 3 . 0 VT* <9 > 
ilWlOLEDf^i^f t^o/;o t7r>f T**U 0 1 i 19 R^aa 

L-Cf J»tSli4 5 5 nm-e*ofc 0 -iRWiH^IS? ttfcf&ftffi:*! 

ttl2mWt?*ofc„ dO&*#te£^1-LEDW\ 2 yf^Rfi* 1 0 1 
£WK^j£$ftfc^m^&p n n*l&<ftl 0 0 0 OfflWLEDWC, {f<bo#*<#ib 

[0 0 4 9] 

tfc, lediowc, W!,^^mmai*tIt*«L7 , ;o tfm&tf^lfcfcflttjnS 
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ti&<D*mfeL"C^ (plus) *ffi***mfc»WWfcinx., *<o®.^ 

<0**IBVa-h (4B») 1 0 0fflOtt#«0fi, lOOOV^W 

mffien*n«±B$n^LED^77°(±, i«-e*ofc 0 bp^ «ftmEE (vr) <o^j§i 

[0 0 5 0] 

*H^O^#^liffe> life, ^Wf^^M^M^-- K, V— 9*-^*-!^ 
p i nI^3l^l*IJffl^*o 
[mm^ffi-^MW] 
[0 0 5 1 ] 

[HI 1 1 1 ^|B*oSJJl#*#W*»fll*4:^^ISf®«t^BI^**o 

[19 2] %lkm i twia«oLEDOTffiflls:ia-c**o 

[0 0 5 2] 

1 0 LED 

1 1 If® flWfr* 

1 0 1 

102 7>F-yGa NJi 

10 3 nIG a Nit 

1 0 4 nlA 1 GaN^7'; KJf 

1 0 5 ^mfi^Pflfc&S^yB 

10 6 p MA 1 GaN?77 F/S 

10 7 pIG aN3>^ hit 

10 7-1 pSG aNn >^ ^ hJf^StJSSR 

10 7-2 pIG aN3V^ MS?>T«^ 

10 8 v 

109 IS 
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